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The mycotoxin T-2 inhibited the growth of Mycoplasma gallisepticum. The growth inhibition was most pro- 
nounced with the hydrophobic derivatives T-2 acetate and very little with the hydrophilic T-2 tetraol. The 
toxin had no effect on the biosynthesis of either protein, DNA, RNA or complex lipids but markedly reduc- 
ed the intracellular pool size of soluble low molecular mass precursors. It seems that T-2 acetate, by virtue 
of its hydrophobic nature, may accumulate within the lipid backbone affecting the permeability properties 
of the cell membrane. 
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1. INTRODUCTION 
Trichothecenes are a group of mycotoxins wide- 
ly distributed in nature and associated with 
tremendous damage to humans and farm animals 
[l]. Very little is known, however, regarding the 
mode of action of these toxins. In eucaryotes, 
trichothecenes were shown to inhibit protein syn- 
thesis [2]. Recent reports suggested that these tox- 
ins are active also at the cell membrane level. Thus, 
trichothecenes were shown to inhibit platelet ag- 
gregation [3], induce hemolysis of human red 
blood cells [4] and inhibit phagocytosis by 
polymorphonuclear cells [5]. To obtain further in- 
sight on the effect of trichothecenes on 
cytoplasmic membranes we investigated the effect 
of these toxins on mycoplasmas. These pro- 
caryotes have no cell wall or intracellular mem- 
brane structure and their cytoplasmic membrane 
can be easily isolated [6]. The ability to introduce 
controlled changes in the membrane composition 
of these organisms have been used intensively in a 
wide variety of membrane studies [7,8] and might 
enable a thorough investigation on the association 
of the trichothecenes with membrane components. 
The results of the study presented show that 
trichothecenes, mainly the hydrophobic deriva- 
tives, had a marked effect on the growth rate of 
Mycopiasma gallisepticum although protein syn- 
thesis was not affected. The toxins markedly 
reduced the intracellular pool size of low molecular 
mass precursors of protein RNA or DNA. The 
possibility that the effect on the pool size is caused 
by damage to the permeability properties of the 
membrane is discussed. 
2. MATERIALS AND METHODS 
2.1. Trichothecene preparations 
T-2 toxin [3&-hydroxy+, 15diacetoxy-h-(3- 
methylbutyryloxy) - 12,13 -epoxytrichothec - 9 - en], 
was isolated from extracts of Fusarium sporotri 
chioides as in [9]. The derivatives HT-2, T-2 
Tetraol and T-2 acetate were synthesized by us 
[lo]. The macrocyclic trichothecenes Roridin and 
Verucarrin were kindly provided by Dr Y. 
Behrend, Makor Chemicals, Israel. The toxins 
were dissolved in dimethylsulfoxide (DMSO) and 
added to the growth medium. The final concentra- 
tion of DMSO in the growth medium did not ex- 
ceed 0.1%. 
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2.2. Organisms and growth conditions 
Mycoplasma gallisepticum was grown in Ed- 
ward medium [6] containing 4% horse serum. To 
label membrane lipids, the medium was sup- 
plemented with 0.1 &i/ml of [9, 10-3H]oleate 
(500 Ci/mol). To label cell protein the medium 
was supplemented with 1 &i/ml of [4-3H]phenyl- 
alanine (25 Ci/mmol). To label nucleic acids the 
medium was supplemented with either 1 &i/ml of 
[methyl-3H]thymidine (70 Ci/mmol) or with 
1 &i/ml of /5,6-3H]uracil (50 Ci/mmol). All 
radioactive components were from Amersham 
Radiochemical Centre. The media were inoculated 
from an overnight culture at an inoculum level of 
2-3070 and the cultures were incubated for 16-28 h 
at 37°C. Growth was followed by measuring the 
absorbance of the culture at 640 nm. Most ex- 
periments were performed with cells harvested at 
the exponential phase of growth (16-20 h) by cen- 
trifugation at 12000 x g for 20 min. The cells were 
washed once and resuspended in cold 0.25 M NaCl 
solution. Membranes were prepared as in [6]. 
2.3. Incorporation of radioactive precursors 
To determine the level of incorporation of the 
radioactive precursors into the washed cell 
preparations, 0.1 ml aliquots of the cell culture 
were filtered through a 0.45 gm pore size millipore 
filter. The filters were washed twice with 10 ml 
cold 0.25 M NaCl, dried and the radioactivity was 
determined in a Packard liquid scintillator using 
3 ml toluene scintillation liquor. To determine the 
radioactivity incorporated into macromolecules, 
0.1 ml aliquots of washed cells were added to 5 ml 
cold 10% trichloroacetic acid. The samples were 
incubated at 4°C for 60 min, filtered, washed 
twice with 10 ml of cold 10% trichloroacetic acid 
dried and counted. 
2.4. Analytical methods 
Cell water was measured using 3H-labeled water 
(4.3 &i/ml) and [14C]inulin (0.4pCi/ml) as in 
[ 111. It was assumed that inulin (MI 5000) did not 
penetrate into the cells and could be used to 
measure extracellular fluids in the cell pellet. The 
total water space minus the inulin space was taken 
as the intracellular water space. Protein in cell 
preparations was determined according to [12]. 
Proteins were analyzed on sodium dodecylsulfate- 
polyacrylamide gels as in [13]. Lipids were ex- 
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tracted from intact cells by the method in [14] and 
characterized as in [ 151. 
3. RESULTS 
Fig.1 shows that trichothecenes inhibited the 
growth of M. gallisepticum. The growth inhibition 
by the trichothecenes tested varied considerably. 
The lowest inhibitory effect was found with the 
more hydrophylic T-2 tetraol whereas the inhibi- 
tion by T-2 acetate was the highest. All inhibition 
experiments were monitored after 18 h of incuba- 
tion at 37°C. The growth response of M. gallisep- 
ticum in a medium with or without T-2 acetate is 
presented in fig.2. It is apparent that the ex- 
trapolated initial growth rate without the toxin was 
much faster than the rate measured in the presence 
of T-2 acetate. The absorbance at 640 nm of late 
exponential phase cultures was, however, very 
similar. To determine whether T-2 acetate affects 
macromolecule synthesis, M. gallisepticum cells 
were grown with radioactive precursors of 
phospholipids ([‘Hloleate), protein ([‘Hlphenylal- 
0 
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Fig. 1. The effect of trichothecenes on the growth of M. 
gallisepticum. M. gallisepticum cells were grown with 
various concentrations of trichothecenes for 18 h. 
Growth was estimated from the absorbance of the 
culture at 640 nm. T-2 acetate (0); verucarrin (A); 
roridin (0); T-2 ( n ); HT-2 (A); T-2 tetraol (0). 
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Fig.2. Growth curve of M. gallisepticum in the presence 
or absence of T-2 acetate. T-2 acetate (0.75 mM) was 
added to the growth medium at time 0. Culture treated 
with T-2 acetate (0); untreated control culture (0). 
anine), RNA ([3H]uracil) or DNA ([3H]thymidine). 
The incorporation of radioactive oleate into T-2 
acetate treated and untreated cells was almost the 
same (table 1). However, the incorporation of 
radioactive phenylalanine, uracil or thymidine into 
control cells was about 25-309’0 higher than in 
cells grown with T-2 acetate. Extraction of washed 
phenylalanine-labelled, uracil-labelled or thymi- 
dine-labelled cells with 10% cold trichloroacetic 
acid released 20-30070 of the total radioactivity 
from the control cells, but only up to 5% of the 
radioactivity from cells grown with T-2 acetate. As 
a result the levels of residual radioactivity in the 
trichloroacetic acid extracted control and T-2 
acetate treated cells were almost the same. Analysis 
of membranes from cells grown with or without 
T-2 acetate revealed almost identical phospholipid 
and cholesterol contents, identical polypeptide pat- 
terns (not shown) and a very similar phospholipid 
composition comprising of sphingomyelin, phos- 
phatidylcholine and phosphatidylglycerol (21, 34 
and 40% of total phospholipids, respectively). The 
intracellular cell volume of untreated and T-2 
acetate treated cells was almost identical (2.1 and 
2.3 &mg protein, respectively). 
4. DISCUSSION 
Our findings that the growth of M. gallisepticum 
was inhibited by trichothecenes indicates that these 
compounds, known to be highly cytotoxic to 
eucaryotic cells [1,16] inhibit also the growth of 
procaryotes. The growth inhibition was much 
more pronounced with the hydrophobic deriva- 
tives, mainly with T-2 acetate, though this com- 
pound is 100 times less toxic than T-2 for HeLa 
cells [16]. The higher inhibitory activity of the 
Table 1 
The effect of T-2 acetate on the incorporation of radioactive precursors into M. gallisepticum 
cells 
3H-labeled 
precursor 
Radioactivity in cells (cpm/mg cell protein) 
Cells grown without Cells grown with 
T-2 acetate T-2 acetate 
Intact Trichloroacetic Intact Trichloroacetic 
acid extracted acid extracted 
Oleic acid 307 900 297 800 302000 294000 
Phenylalanine 27000 18300 19400 18700 
Uracil 134000 107400 95 600 98000 
Thymidine 560900 402 600 388000 369 800 
The organisms were grown in a medium containing either [9,10-3H]oleate, [4-3H]phenyl- 
alanine, [5,6-‘Hluracil or [methyl-3H]thymidine with or without T-2 acetate (150 fig/ml). The 
distribution of label and Trichloroacetic acid extraction were performed as in section 2 
191 
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hydrophobic trichothecenes i  due either to the fast 
penetration of the more hydrophobic derivatives 
or to their accumulation within the cell membrane 
to concentrations ufficient to exhibit the toxic ef- 
fect. The mechanism by which T-2 acetate inhibits 
the growth of M. gallisepticum is not yet under- 
stood. In eucaryotes, trichothecenes are potent in- 
hibitors of protein synthesis and to a lesser degree 
inhibit the biosynthesis of DNA and RNA [ 17- 191. 
In M. gallisepticum, however, the gross protein, 
DNA, RNA and complex lipid biosynthesis in the 
presence of T-2 acetate remained unchanged. Our 
observation that cells treated with T-2 acetate 
possess low levels of trichloroacetic acid extrac- 
table material suggests that T-2 acetate affects the 
intracellular pools of soluble low molecular mass 
precursors. However, the toxin has no effect on 
the free fatty acid pool that accumulates within the 
cell membrane. As the toxin affects precursor 
pools utilized for protein, DNA and RNA biosyn- 
thesis to about the same extent, it seems that its ef- 
fect is non-specific, probably resulting from 
damage to the cell membrane. This concept was 
also suggested from electron paramagnetic re- 
sonance studies demonstrating a lower freedom of 
motion of spin-labelled phospholipids in mem- 
branes from T-2 acetate treated AK gallisepticum 
cells (P.J. Davis, unpublished). 
[3] Yarom, R., More, R., Elder, A. and Yagen, B. 
[41 
VI 
161 
171 
WI 
[91 
WI 
illI 
WI 
1131 
1141 
1151 
REFERENCES 1161 
[l] Ueno, Y. (1980) Adv. Nutr. Sci. 3, 301-353. 
[2] McLaughlin, C.S., Vaughn, M.H., Campbell, 
I.M., Wei, C.M., Stafford, M.E. and Hansen, B.S. 
(1977) in: Mycotoxins in Human and Animal 
Health (Rodricks, V., Hesseltine, C.W. and 
Mehlman, M.A. eds) pp.264-273, Pathotox 
Publishing Inc., Forest South, IL. 
u71 
WI 
P91 
(1984) Toxicol. Appl. Pharmacol. 73, 210-217. 
Segal, R., Milo-Goldzweig, I., Joffe, A.Z. and 
Yagen, B. (1983) Toxicol. Appl. Pharmacol. 70, 
343-349. 
Yarom, R., Sherman, Y., More, R., Ginsburg, I., 
Borinsky, R. and Yagen, B. (1984) Toxicol. Appl. 
Pharmacol., in press. 
Razin, S. and Rottem, S. (1976) in: Biochemical 
Analysis of Membranes (Maddy, A.M. ed.) 
pp.3-26, Chapman and Hall, London. 
Razin, S. (1978) Microbial. Rev. 42, 414-470. 
Rottem, S. (1980) Biochim. Biophys. Acta 604, 
65-90. 
Yagen, B., Joffe, A.Z., Horn, P., Mor, N. and 
Lutsky, 1.1. (1977) in: Mycotoxins in Human and 
Animal Health (Rodricks, V., Hesseltine, C.W. 
and Mehlman, M.A. eds) pp.329-336, Pathotox 
Publishing Inc., Park Forest South, IL. 
Wei, R., Strong, F.M., Smalley, E.B. and Schnoes, 
H.K. (1971) Biochem. Biophys. Res. Commun. 45, 
396-401. 
Rottem, S., Linker, C. and Wilson, T.H. (1981) J. 
Bacterial. 145, 1299-1304. 
Lowry, O.H., Rosebrough, A.L., Farr, A.L. and 
Randall, R.J. (1951) J. Biol. Chem. 193, 265-275. 
Laemmli, U.K. (1970) Nature 227, 680-685. 
Bligh, E.G. and Dyer, W.J. (1959) Can. J. 
Biochem. Physiol. 37, 91 l-917. 
Rottem, S. (1983) in: Methods in Mycoplasmology 
(Razin, S. and Tully, J.G. eds) ~13.269-275, 
Academic Press, New York. 
Tanaka, T., Matsuda, Y., Toyazaki, N., Ogata, 
K., Matsuki, Y. and Ueno, Y. (1977) Proc. Jpn. 
Assoc. Mycotoxicol. 56, 50. 
Ueno, Y. and Fukushrina, K. (1968) Experientia 
24, 1032. 
Ohtsubo, K., Yamada, M. and Saibo, M. (1968) 
Jpn. J. Med. Sci. Biol. 21, 185-194. 
Hartmann, G.R., Richter, H., Weiner, E.M. and 
Zimmermann, W. (1978) Planta Med. 34,231-252. 
192 
